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ELECTROCHEMICAL MECHANICAL PLANARIZATION 




. .„„ to ^ field of semiconductor integrated circuit 
ml] ^ present u— r, * ^ ^ ^ ^ 

manufacturing, and more specifically, to an app 

._ j^^nM OF RELAIE&AEI 

r. • rnte^ated Circuit (IQmanufacumng, devices are formed by 

100021 ^ I ^ve removal of various layers on a semiconductor 
deposition, patterrung, and solecuve ^ ^ m ? 

ta the interconnect, is formed from • ^ order w ach ieve an 

adequate depth of focus (DOF) for patte j 

P^^^^^^rCMPmaymvo.vepoUshmgofa 
chemical etching with mechamcal « F« P ^ ^ ^ ^ ^ 

metal that has been deposited on a barrier layer 

white the barrier layer is relatively hard. rates 0 f different 

materials. It is desirable to actueve a low P 

harrier layer to avoid dishing. It is also ^ of me metal 
between me metal and the insuladon to avoid eros onThe g 

may be optimized by changing the properhes of me pohsh pa 

poUsh slurry is form ed from a material with a low 

(00051 In advanced IC devt«s, me ^ a Mgh 

dielectric constant (low-k) rather than w* Silicon D,o 



serial usuaily has poor mechanical properties. 



f , a method of improving the 
ima Thus, what is needed is an apparatus for and a me*o 

planarization of a surface layer. 



RRTCT ^crpTPTION OF JUE PR AWING 



(0007! Hgure 1 is an illustration of a cross-secuonal view 
apparatus to electrochemical mechanical polishing accord to the present 



of an embodiment of an 

invention. 



[0008] 



Kgure 2 (a,-(c, are illustrations of a cross-sectional view of a method to 



plananze 



ize interconnect according to the present invention. 
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nPTAlLED 



ft. present mvenfon. How^e^o ^ semiconductor 

obscuring the present invention. * ftn rcMPW surface layer on a 

substrate is flattened and smootnened Dy PP ^ tQ 

• , ^inrtc and electrochemical reactions. The present 
forces, chemical reactions, ana eiecxru 

100111 r^rx«-^ uob ^ i " ,aw8e ' f 

M 0 may bdude a plafcn ^ - • «* ^ ^ „ vertical 

circular and linear motion, such as revolu u a « olanetary motion. The platen 110 

may be maintained at a certain temperature oy 

U0 and through a chiUer or heater m ^ ^u* rate and 

- ^T^^^padmsuchashard.ss, 
fte polish selectivity depend on W ^ ^ ufe of ft e polishing 

stif mess, porosity, *~ ^^Tp--* - *° * — " " ^ 

■« A — * "J? lit ^ds me periphery o, the platen 
to one embodiment, the cathode 130 may loc ^ ^ 

U0. The cathode 130 may be segmented in order .0 improve the 
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v, rshin* pad 120 In another embodiment, the cathode 130 may be located 
across the polishing pad 120 In an conn ected to a power 

the platen 110 and the polishing pad 120. The catnoa 



between 



.Tien a. fte cathode, the BMP too! 100 m us, induce an enclosure with adeouate 

spray ed in a certaui pattern f deared P ^ sud> aJ 

the composition of the slurry 150. The slurry y 
aiumina or silica, and may be maintained at a certain pH 

the slurry may be acidic, to one embodiment, the slurry 150 has a P H of 2.0-3.0 
the slurry may n-i ■! The slurry may include an oxidizer, 

embodiment, me slurry 150 has a pH o ^ * * ^ ^ ^ 

(00161 A substrate, such as awa ™ ^ ^ ^ pad 

pad 120 and the slurry 150. The slurry 150 may be paruy 

12 °' j „ nmav be in electrical contact with a wafer 160. In one 

[00171 Ananode 170 maybe melectn ^ oherv 0 f the wafer holder 180 

e^diment, me anode 170 may be located towards the periphery ft. 
^^layeronftewaferlsconnnuousand— 

embodiment, the anode 170 may be located between fte 

» if the body of fte wafer 160 itself is conductive. The anode 170 , connect 

^Cwafer 160 is mounted in . wafer carrier (head) ISO. The wafer 160 may be 
[0018] The water electrostatic forces. 

The wafer carrier 180 can vary me p 

such as revolution, rotation, ldicx ox ian . 

conjunction with movement of the platen nu, 
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the wafer 160. 



■ be maintained at a certain temperature by 

during BMP. The wafer earner 180 may be mam 
circulating a fluid in coils within the wafer holder and through cm 

sh0Wn) - „ rt f an EMP tool 100, the polishing pad 120 is electrically 

100191 ritrii r » > • - - ode m 

connected to the cathode 130 while the w emb odiment 
The pobshing pad 120 may be electrically conduce o ^ ^ 

poflshing pad 120. Another embody- mo ^ ^ ^ 

. *» may be used to monitor and control critical components and 
[0020] A computer 200 may be used t . the D , attn U0 , the movement of 

slulry « the ^"'^ d L ily acros5 m e wafe, 160. ,f desired, the 

.evoltageorthecurrentasafuncbonofnme ^ (sudl . speed 
process parameter (such as slurry 150 flowrate), or EMP tool 

2W „ accompushed by app^bor £ rates (or „ materia, 
reactions, and electrochemical reactions. The poltshmg ^ ^ 

« me EMP se,ectivity and may be opttnuzed by «g P J 

applied between a polishing pad and a wafer Dy P 



-7- 



wa fer W in ^arisen with - £ - J- «^ ^ _ the wafe r » 
unfa^ of the removal, the Such . level of fine control will 

^ * varied to — the " ^ wafer rarriet 180 and the 

req L the pa— g of fhe -^7^^ ta adjusle d separately. 

[00241 EMP .nay be used as part o ^ 
250 in a typical multilevel interconnect * »-*P» toe shown) . An 

^ an underlying — *- «» - - ^connect prior to performing 
embodiment of me struchtre of a porhon o ^oms 

^^rit^^ii"--* -underlying.,*! 
mick. The barrier layer 230 may be 

toe a, may be about 1,500-3,000 Angstrom^ *A ^ ^ 

1002S, tS^Ldelybeformedbycbemical 

vapor deposibon (CVD). The SO, ^ ^ fey cw 

me barrier layer 230 may * « *e primary metal 240 may be Copper and the 
100261 m another embodunent, me pnm*y ^ nuorine . doped 

^abon 220 may be a low ^ a die.ecBic consul of about 

3.7. Other material wdh a dielectnc barrier laye r 230 may be 

m , but me mechanical proper*" are usuaUy poo^ 

Tantalum Nitride that la formed by sputter epos. ^ prtaary 

[002, -neembodimen ,,EW ^ 1. ^ has Mg h selecbvify of 
metal 240 is poUshed using EMP U ^^^^^jj men t j$ shown in Figure 2 (b>- The polish 
primary metal 240 to barrier layer 230^ ^ ^ 

bn.n.ybeabout^secon. ^ ^ te taise4 the remova, rate tnay increase 

Angstroms per minute. When we 
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>^^^ M *r*£L» apoUshedusingEMPunderasecond 
KM m *e second step, the barner P ^ ^ ^ 

emb odiment is shown in Hgu- » «* *» P* ^ detert on of endpon, 

the two steps 

described above _ , M t o avoid dishing of the pnmary 

^ 24 0 with* wide features. 1. - *» ^ ^ ^ erosion of 

ins ulatton220intheheld.Theh 1 g 

» aUows the insnladon »> to serve as a ^ ^ ^ ^ ^ of 
[00301 Some typical parameters fo an ^ ^ „ per 

abo u. 30-50 revoludons per minute and wafer carrier ISO pressure of 

^ wafer carrier 180 rotation of about 100 rp 

about 1.5 pounds per square inch (psr). fee foUowed by a buff 

[00M1 Both the two-step pn*ess «£~J£ ^ pad . ^ buff step may 

take about 20 seconds. A post sctud 

pH maybe about 10.0-U.0. , my * used as par, of a Dual Damascene 

U, During planarizadon of am* lay ^ ^ ^ tat0 me 

elect ric current causes metal ions from ^ ^ ^ of te wate 

sl urry 150. Thus, anodic etching of the metal layer 



, i so that the overall removal rate is 

increased. The higher points at the surtace ^ ^ surface 

any metal deposits. ^ selectivity for the 

r emova> of the surface metal lay* § raK w . low 

220. On the one hand, the metal layer 240, such -Off ^ 

j r»r, fhP other hand, the barrier iayei ^ 
— ™y be used. On the othe ^ ^ 

„ a h*h current density may be «^^* aaoss ^ wafer 16 0. 
monilo red in rea, time by measun n g *e -en V ^ „ 

lM351 A s appropriate, one or mo o^ ^ ^ ^ ^ ^ 

— * °' - '^flasTuislns on Jd off,, temperature, process 
^y be varied as a funcnon of tune ««* J ^ ^ ^ „ 

parameter (such as slurry 150 ^ of me EMP process with respect 

integral. 



IU cuij 

proportional, differential, or integral. 



foprovideafhoroush— ^ ^y appUcable to other 
appreciate una. many of the feahue ^ ^ vanous 

embodiments. One skilled in me - wu. ~ 

et , aescrlbed herein, ft is to * , u— ** » ^ ^ ^ rf fc piesent 
mvendon should be taken as ulustrauve and no 8 
mventi on should be determined by the darms that follow. 
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t„, a «H a method of improving the 
mn Thus, we have described an apparatus for and a me* 

planarization of a surface layer. 



r 

-11 



